A wideband hig isolation CMOS T/R switch for x-band phased array radar systems by Özeren, Emre et al.
#9KFGDCPF*KIJ+UQNCVKQP%/15645YKVEJHQT:$CPF2JCUGF
#TTC[4CFCT5[UVGOU
'OTG©\GTGP #TÆP%CP7NMW+NMGT-CN[QPEW%CPCNÆĩMCP/WTCV&CXWNEW
/GJOGV-C[PCM ;CUCT)WTDW\ 
(CEWNV[QH'PIKPGGTKPICPF0CVWTCN5EKGPEGU5CDCPEK7PKXGTUKV[1TJCPNK6W\NC+UVCPDWN
6WTMG[[CUCT"UCDCPEKWPKXGFW
+*2OKETQGNGEVTQPKEU+O6GEJPQNQIKGRCTM(TCPMHWTV
1FGT)GTOCP[

$EVWUDFW ²7KLVSDSHUSUHVHQWVDQ63'7VZLWFKZKLFKLV
GHVLJQHGWRRSHUDWHDW*+] IUHTXHQF\UDQJH ;%DQG
DV D VXEPRGXOH RI WKH IURQW HQG FLUFXLW RI D SKDVHG DUUD\
UDGDU 7KH VZLWFK GLVWLQJXLVKHV LWVHOI IURP LWV FRXQWHUSDUWV
ZLWK LWV ODUJHU IUHTXHQF\ UDQJH DQG KLJKHU LVRODWLRQ WKDW LV
XQLIRUPO\ GLVWULEXWHG RYHU LWV EDQGZLGWK ,W LV IDEULFDWHG
XVLQJ P 6L*H %L&026 WHFKQRORJ\ RI ,+3
0LFURHOHFWURQLFV *HUPDQ\ $V D QHZ WHFKQLTXH VKXQW
LQGXFWRUV DUH SODFHG QH[W WR VKXQW WUDQVLVWRUV LQ RUGHU WR
LPSURYHWUDGHRIIEHWZHHQLQVHUWLRQORVVDQGLVRODWLRQ,WKDV
LVRODWLRQKLJKHUWKDQG%LQHQWLUHEDQGLQSXWUHIHUUHGG%
FRPSUHVVLRQSRLQWLVG%PLQVHUWLRQORVVLVEHWZHHQ
 G% LQSXW DQG RXWSXW UHIHUUHG UHWXUQ ORVVHV DUH EHWWHU
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2JCUGF CTTC[ U[UVGOU RNC[ ETWEKCN TQNG KP GNGEVTQPKE
DGCOEQPVTQNCPFHCUVDGCOUECPPKPIHQTDQVJEQOOGTEKCN
RWTRQUGU CPFFGHGPUGCRRNKECVKQPU  +PQTFGT VQDQQUV VJG
ICKP CPF VJG GHHGEVKXG TCFKCVKQP RCVVGTP QH VJG CTTC[ KP
FGUKTGF FKTGEVKQP CPF UWRRTGUU KP QVJGT FKTGEVKQPU VJG
CORNKVWFG CPF RJCUGQH VJG UKIPCNU HGGFKPI GCEJ GNGOGPV
CTG EQPVTQNNGF KP VJGUG U[UVGOU =? %QPEGTPKPI U[UVGO
CFCRVCDKNKV[ CPF TGNKCDKNKV[ GCEJ CPVGPPC GNGOGPV JCU KVU
QYPCUUKIPGFVTCPUOKVTGEGKXG
64OQFWNGKPUVCVGQHVJG
CTV :$CPF RJCUGF CTTC[ TCFCTU =? 6JGUG 64OQFWNGU
FGVGTOKPG VJG QXGTCNN RGTHQTOCPEG QH 4#&#4U +P C
RJCUGF CTTC[4#&#4 U[UVGO VJQWUCPFU QH64OQFWNGU
CTG TGSWKTGF VJGTGHQTG NQY EQUV HWNN[ KPVGITCVGF 64
OQFWNGU CTG VJG RTKOCT[ RWTRQUG +P VJGUG OQFWNGU
CNVGTPCVKQP QH VTCPUOKVVGT OQFG CPF TGEGKXGT OQFG KU
TGCNK\GFYKVJC5KPINGRQNGFQWDNGVJTQY
52&6UYKVEJ
$ ZHOO GHVLJQHG VZLWFK FRQGXFWV WKH VLJQDO WR WKH
GHVLUHGRXWSXWSRUWZLWKPLQLPDOORVVW\SLFDOO\OHVVWKDQ
G%DQG LVRODWHV WKHRWKHUSRUW IURP WKHVLJQDOPRUH WKDQ
G%5REXVWQHVVRI63'7VZLWFKHVLVDOVRFULWLFDOLQ75
PRGXOH GHVLJQ VLQFH WKH VZLWFK ZRUNV FRQWLQXRXVO\
UHJDUGOHVV RI WKH PRGH RI WKH UDGDU ,Q DGGLWLRQ KLJK
SRZHU KDQGOLQJ DURXQG  : LV D FULWLFDO UHTXLUHPHQW
GHSHQGLQJ RQ WKH SDUWLFXODU XVH RI WKH VZLWFK 7KHVH
SHUIRUPDQFHSDUDPHWHUVDUHWKHPRVW LPSRUWDQW ILJXUHVRI
PHULWLQDVZLWFKDQGLQRSHUDWLRQEDQGZLGWKDOORIWKHVH
SHUIRUPDQFH SDUDPHWHUV KDYH WR PHHW VSHFLILFDWLRQV
VLPXOWDQHRXVO\
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GHVLJQHG ZLWK ,,,9 WHFKQRORJLHV IRU WKHLU KLJK
SHUIRUPDQFH DW UDGLR IUHTXHQFLHV +RZHYHU UHFHQW
GHYHORSPHQWV LQ &026 DQG %L&026 WHFKQRORJLHV
SURYLGHDFRVWHIIHFWLYHDOWHUQDWLYHIRUIXOO\LQWHJUDWHG75
PRGXOHV ,Q WKLV SDSHU ZH SURSRVH D &026 63'7 75
VZLWFK ZRUNLQJ LQ ; EDQG *+] ,Q GHVLJQ RI WKLV
63'7 VZLWFK LPSHGDQFH WUDQVIRUPDWLRQ QHWZRUNV ,71
DUH XWLOL]HG ERG\ IORDWLQJ WHFKQLTXH DQG 6' ELDVLQJ
WHFKQLTXHVDUHDSSOLHGDQGDVDQRYHOW\SDUDOOHOUHVRQDQFH
WHFKQLTXH LV DSSOLHG WR VKXQW WUDQVLVWRUV LQVWHDG RI VHULDO
WUDQVLVWRUVLQRUGHUWRH[WHQGEDQGZLGWKLQZKLFKLVRODWLRQ
LV KLJKHU WKDQ  G% 7KH GHVLJQHG VZLWFK H[KLELWV D
PHDVXUHG,/RI±G%LVRODWLRQIURPWRG%DW
;%DQG ZLWK  G%P ,3G% DW *+] DFKLHYLQJ DOO
WKH SHUIRUPDQFH SDUDPHWHUV VLPXOWDQHRXVO\ LQ D ZLGH
RSHUDWLRQEDQGZLGWK
7KLV SDSHU LV RUJDQL]HG DV IROORZV 6HFWLRQ ,, SUHVHQWV
WKH GHVLJQ RI WKH 75 VZLWFK DQG WHFKQLTXHV WR DFKLHYH
KLJK LVRODWLRQ ORZ ,/ DQG KLJK ,3G% ,Q 6HFWLRQ ,,,
OD\RXW FRQVLGHUDWLRQV DQG PHDVXUHPHQW UHVXOWV DUH
SUHVHQWHG )LQDOO\ VHFWLRQ ,9 VXPPDUL]HV WKH SUHVHQWHG
VZLWFK
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VHULHVVKXQW WRSRORJ\ 2QRII VWDWHV RI WKH VHULHV 1026
WUDQVLVWRUV 0 DQG 0 GHWHUPLQH ZKHWKHU DQWHQQD LV
FRQQHFWHG WR WUDQVPLWWHURU UHFHLYHUSRUW7KHJRDORI WKH
VKXQWWUDQVLVWRUVLVWRDOORZWKHVLJQDOWKDWOHDNHGWKURXJK
WKH RII VHULHV WUDQVLVWRU WR EH GLVVLSDWHG WR WKH JURXQG
ZKLFKLQFUHDVHVLVRODWLRQ,VRODWHG1026GHYLFHVDUHXVHG
DQG EXONV RI WKHVH WUDQVLVWRUV DUH ELDVHG ZLWK  Nȍ
UHVLVWDQFHV ,Q RUGHU WR LQFUHDVH OLQHDULW\ DQG SRZHU
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.% CPF .% RCKTU %JQKEG QH DKCU XQNVCIGU CTG
ETKVKECN VQ HKPF C OKFFNG ITQWPF DGVYGGP VTCPUKUVQT
DTGCMFQYP XQNVCIGU CPF JKIJ +2F$ EQORTGUUKQP RQKPV
6CMKPI CNN VJGUG HCEVQTU KPVQ CEEQWPV VJG HQNNQYKPI &%
XQNVCIGXCNWGUCTGEJQUGPCU8DKCU88EVTN8CPF
8EVTNŏ8
6TCPUKUVQTYKFVJUCTGETKVKECNVQOGGVDQVJKPUGTVKQPNQUU
CPF KUQNCVKQP URGEKHKECVKQPU6JGTG KU C VTCFGQHH DGVYGGP
NQY KPUGTVKQP NQUU CPF JKIJ KUQNCVKQP $CUGF QP%CFGPEG
8KTVWQUQ UKOWNCVKQP VQQNU VJG QRVKOCN YKFVJU QH VJG
VTCPUKUVQTUCTGFGVGTOKPGF VQDGzOHQT//CPF
zOHQT//
# PQVKEGCDNG FKHHGTGPEG DGVYGGP V[RKECN UGTKGUUJWPV
EQPHKIWTCVKQP CPF VJKU FGUKIP KU VJG NQECVKQPQH VJG UJWPV
KPFWEVQT0QTOCNN[VJGUJWPVKPFWEVQTKUCFFGFKPRCTCNNGN
VQVJGUGTKGUVTCPUKUVQTKPQTFGTVQGNKOKPCVGVJGECRCEKVKXG
GHHGEV QH VJG QHH VTCPUKUVQT D[ TGUQPCVKPI CV VJG EGPVTCN
HTGSWGPE[ 2TGUGPEG QH VJG UJWPV KPFWEVQT KPETGCUGU VJG
KUQNCVKQPCTQWPFVJGEGPVTCN HTGSWGPE[JQYGXGT KVECWUGU
RQQTGT RGTHQTOCPEG CV HTGSWGPEKGU VJCV CTG HWTVJGT HTQO
VJG EGPVGT 6JKU VQRQNQI[ KU PQV KFGCN HQT C YKFGDCPF
UYKVEJVJGTGHQTGVJGUJWPVKPFWEVQTKUPQVCFFGFKP
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RCTCNNGN VQ VJG UGTKGU VTCPUKUVQT +PUVGCF KV KU NQECVGF KP
RCTCNNGNVQVJGUJWPVVTCPUKUVQT
9JGPVJG VTCPUKUVQTU
//CTGQHH UVCVGGSWKXCNGPV
ECRCEKVCPEG HTQO UQWTEG VQ FTCKP %QHH ECWUGU NGCMCIG
.5 CPF .5 TGUQPCVG YKVJ VJKU %QHH VQ HQTO C JKIJ
KORGFCPEGRCVJTGFWEKPIVJKUNGCMCIGCPFKORTQXKPIVJG
VTCFGQHHDGVYGGPKPUGTVKQPNQUUCPF KUQNCVKQP6QCEJKGXG
C)*\TGUQPCPEGHTGSWGPE[ KPRQUV NC[QWVUKOWNCVKQPU
P*QEVCIQPCNKPFWEVQTUYKVJVJGSWCNKV[HCEVQTUQH`
CV)*\CTGWUGFHQT.5CPF.5
+++/'#574'/'065
6JG 64 UYKVEJ KU HCDTKECVGF KP +*2 zO 5K)G
$K%/15RTQEGUU6JGFKGRJQVQQHVJGUYKVEJKUUJQYPKP
(KI  6JG EJKR CTGC KPENWFKPI RCFU KU  OO 6JG
VJKEMGUV VQROGVCN NC[GT KP VJG RTQEGUU KU WUGF KP EWUVQO
FGUKIPQHKPFWEVQTUFWGVQKVUNQYGTECRCEKVCPEGVQITQWPF
CPF JKIJGT EQPFWEVKXKV[#NN KPFWEVQTU CTG FGUKIPGFYKVJ
UOCNN PWODGT QH VWTPU CPF JKIJ KPPGT TCFKWU HQT JKIJ
SWCNKV[HCEVQTYKVJVJGEQUVQHNCTIGTCTGC6JGUGKPFWEVQTU
CTG OQFGNGF WUKPI 5QPPGV CPF 5RCTCOGVGTU QH VJG
KPFWEVQTUCTGGZVTCEVGFVQKPEQTRQTCVGVJGOVQ%CFGPEGHQT
RQUV NC[QWV UKOWNCVKQPU +P VJKU VQRQNQI[ VJGTG CTG VYQ
OCKP GNGOGPVU VJCV KPETGCUG VJG CTGC EQPUKFGTCDN[
2TGUGPEG QH UJWPV KPFWEVQTU CPF EQWRNKPI QH VYQ QWVRWV
KPFWEVQTU +P QTFGT VQ CXQKF EQWRNKPI QH . CPF . VJG
FKUVCPEGDGVYGGPKUUGVVQOQTGVJCPzO
5 RCTCOGVGTOGCUWTGOGPV TGUWNVU CTG RTGUGPVGF KP (KI
 6JG OGCUWTGF +. CPF KUQNCVKQP DGVYGGP 6: CPF 4:
RQTVUKUF$CPFF$TGURGEVKXGN[CV)*\+.QH
VJG UYKVEJ KUDGVYGGPF$CPFF$CV:$CPFCPF
KUQNCVKQP KUDGVYGGPF$CV:DCPF6JGTGVWTP NQUU
CV6:RQTV5KUF$CV)*\CPFEJCPIGUHTQO
F$VQF$CV:$CPF6JGTGVWTPNQUUCV#06RQTV5
KUF$CV)*\CPFTCPIGUDGVYGGPF$CPFF$
CV:$CPF&WGVQVJGU[OOGVT[QHVJGUYKVEJ+.CPF4.















(KI5RCTCOGVGTOGCUWTGOGPVTGUWNVU
(KI&KGRJQVQQHVJG52&6UYKVEJ
(KI%KTEWKVUEJGOCVKEQHVJG52&6UYKVEJ
68
(KI/GCUWTGFF$EQORTGUUKQPRQKPV
+2F$QHVJGUYKVEJCV)*\
KP VJG TGEGKXG OQFG CTG CNOQUV GSWCN VQ VTCPUOKV OQFG
XCNWGU#UUJQYPKP(KIVJGUYKVEJTGUWNVUKPCPKPRWV
F$EQORTGUUKQPRQKPV
+2F$QHF$OCV)*\
6CDNG + EQORCTGU RGTHQTOCPEGQH VJG RTGUGPVGF UYKVEJ
YKVJ VJCV QH QVJGT UKPINGGPFGF %/15 64 UYKVEJGU
TGRQTVGF KP VJG NKVGTCVWTG QRGTCVKPI CV :$CPF *KIJ
RQYGTJCPFNKPI 
  O9 NQY KPUGTVKQP NQUU 
 F$
JKIJ KUQNCVKQP 
  F$ CTG PGGFGF VQ DG CEJKGXGF
UKOWNVCPGQWUN[ KP QRGTCVKQP DCPFYKFVJ 1PN[ KP VJKU
RTGUGPVGFUYKVEJCPF =?OGGVU VJGUG URGEKHKECVKQPUCV:
$CPF +P EQORCTKUQP YKVJ =? YJKEJ KU C XGT[ UKOKNCT
YQTM VJKU52&6JCU NQYGT +. CPF JKIJGT KUQNCVKQP6JKU
YQTMRTQXKFGUJKIJGTKUQNCVKQPKPCYKFGTDCPFYKFVJCPF
KV KU CEJKGXGF D[ EJCPIKPI VJG NQECVKQP QH VJG RCTCNNGN
TGUQPCPEGHTQOUGTKGUVTCPUKUVQTVQUJWPVVTCPUKUVQT
+8%10%.75+10
6JKURCRGTRTGUGPVGFCJKIJNKPGCTKV[CPFJKIJKUQNCVKQP
:$CPF 64 UYKVEJ YJKEJ KU HCDTKECVGF KP zO 5K)G
$K%/15VGEJPQNQI[+VGZJKDKVUCP+.QHF$KUQNCVKQP
QH  F$ CPF 2F$ QH F$O CV )*\ 6JG UKPING
GPFGF %/15 64 UYKVEJ RTGUGPVGF KP VJKU RCRGT UJQYU
VJG EQORGVKVKXG 2F$ CPF KUQNCVKQP CPF EQORCTCDNG +.
YKVJUVCVGQHVJGCTVCV:$CPF+ORTQXGOGPVKPVTCFGQHH
DGVYGGP KPUGTVKQP NQUUCPF KUQNCVKQP KPCYKFGDCPFYKFVJ
KU CEJKGXGF D[ EJCPIKPI VJG NQECVKQP QH VJG RCTCNNGN
TGUQPCPEGHTQOUGTKGUVTCPUKUVQTVQUJWPVVTCPUKUVQT

#%-019.'&)'/'06
6JKU YQTM KU UWRRQTVGF D[ VJG 5EKGPVKHKE CPF
6GEJPQNQIKECN 4GUGCTEJ %QWPEKN QH 6WTMG[ WPFGT ITCPV
'#WVJQT'©\GTGPKUHKPCPEKCNN[UWRRQTVGFHTQO
#5'.5#0 6JG CWVJQTU YQWNF NKMG VQ VJCPM +*2
/KETQGNGEVTQPKEU HQT RTQXKFKPI +% HCDTKECVKQP CPF
VGEJPKECNUWRRQTV
4'('4'0%'5

=? 0(QWTKMKU#FXCPEGF#TTC[5[UVGOU#RRNKECVKQPCPF4(
6GEJPQNQIKGU.QPFQP7-#ECFGOKE2TGUU
=? (XCP8NKGVCPF#FG$QGT(WNN[KPVGITCVGFEQTGEJKRHQT
:DCPF RJCUGFCTTC[ 64 OQFWNGU KP +''' /665
/KETQYCXG5[OR&KI,WP
=?2CQ-*GVCN#Ō)*\$TQCFDCPF%/15645YKVEJ
HQT 79$ #RRNKECVKQPU 2TQEGGFKPIU QH 'WTQRGCP
/KETQYCXG+PVGITCVGF%KTEWKVU%QPHGTGPEGŌ
=? ,KP;0IW[GP%# zO%/1564 5YKVEJ HQT79$
9KTGNGUU %QOOWPKECVKQPU +''' /KETQYCXG CPF 9KTGNGUU
%QORQPGPVU.GVVGTU#WIWUVŌ
=?,KP;0IW[GP%7NVTC%QORCEV*KIJ.KPGCTKV[*KIJ2QYGT
(WNN[+PVGITCVGF&%Ō)*\OO%/15645YKVEJ
+''' 6TCPUCEVKQPU /KETQYCXG 6JGQT[ CPF 6GEJPKSWGU
Ō
=? 6 &KPE 5 <KJKT ( 6CUFGOKT CPF ; )WTDW\ ő# JKIJ
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